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Autonomic function in elderly uremics studied by spectral anal-
ysis of heart rate.
Background. Aging determines an altered response of the
autonomic nervous system (ANS) to physiologic stresses. A
widespread autonomic damage is well recognized in chronic
renal failure (CRF).
Methods. We studied 30 CRF patients, aged 19 to 85 years,
who were on bicarbonate hemodialysis. Surface electrocardio-
gram was recorded on lying and 65◦ head-up tilt standing posi-
tions. A dedicated software, using an autoregressive modeling
technique, allowed to calculate power spectral analysis (PSA)
of heart rate variability, assessing a low-frequency band in the
range 0.03 to 0.15 Hz, and a high-frequency band in the range
0.15 to 0.33 Hz. Low-frequency and high-frequency components
are regarded, but not invariably, as specific markers of sympa-
thetic and parasympathetic activities, respectively, and the low-
frequency/high frequency ratio as an index of sympathovagal
balance.
Results. In normal controls, low-frequency band value and
low-frequency/high-frequency ratio on standing resulted signif-
icantly reduced in the group older than 65 years when compared
with those younger than 65 years; an opposite finding was seen
in high-frequency band value on standing. In uremic patients,
low-frequency band on lying resulted significantly lower only in
elderly uremics when compared with elderly controls, whereas
low-frequency band on standing was significantly lower in el-
derly than in younger uremics. Regression analysis showed a
significant inverse relationship between aging and most low-
frequency band values, especially in uremics. The comparison
of linear regression models confirmed that a sympathetic au-
tonomic derangement is greatly present in older uremics, in
particular after 50 years of age.
Conclusion. Our data support assertion that combination of
aging and CRF increases the chance of autonomic derangement
being present.
A wide range of autonomic nervous system (ANS) dys-
function characterizes aging, as expression of an altered
autonomic response to physiologic stresses. In particu-
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lar, cardiovascular and thermoregulatory controls may
be especially affected and the ANS derangement can be
exacerbated by drugs or concomitant condition, such as
prolonged bed rest or diabetes [1, 2]. In elderly, both sym-
pathetic and parasympathetic nervous system pathways
and baroreflex sensitivity are impaired and accordingly
age-adjusted normal ranges have to be considered in the
diagnostic workup of cardiovascular autonomic tests [3–
6]. A recently developed more accurate method, able to
demonstrate an early autonomic dysfunction, is repre-
sented by power spectral analysis (PSA) of heart rate
variability in frequency domain [7, 8]. Using PSA of heart
rate variability, an exponential decrease in both low-
frequency and high-frequency bands has been demon-
strated in healthy elderly individuals, but without change
in sympatovagal balance during spontaneous breathing
as well as in supine and standing positions [9–12].
In chronic renal failure (CRF), a widespread auto-
nomic damage, confirmed by cardiovascular reflexes and
PSA studies, has been well recognized as expression of
damage most likely due to the action of still unknown
toxins in the peripheral nervous system and in the cen-
tral nervous system [13–15]. Robinson and Carr [16] have
recently reviewed the subject. The influence of aging on
autonomic neuropathy occurring in dialysis patients has
been investigated in few studies, exclusively using cardio-
vascular reflex tests with different results. Vita et al [17]
presented evidences for a higher vulnerability of ANS
to uremic toxins in elderly than in middle aged uremics,
whereas Jassal, Douglas, and Stout [18] failed to find a
higher prevalence of autonomic dysfunction in aging pop-
ulation with uremia.
The aim of our study was to assess the relationship
between CRF and aging in causing derangement of au-
tonomic pathways, using PSA of heart rate variability.
METHODS
We studied 30 patients with chronic uremia, aged 19
to 85 years (mean ± SD) (58 ± 15 years) (22 men
and 8 women). They were on bicarbonate hemodialysis
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Fig. 1. Components of the power spectrum of heart rate variability in a normal subject on lying and on standing. LF is low-frequency band; HF is
high-frequency band.
(4 hours, three times per week). The dialysis duration
ranged from 1 month to 264 months (39 ± 58 months).
None of them were taking medications acting on the
ANS or had diabetes mellitus, severe heart failure, is-
chemic heart disease, bronchopneumopathy, or amyloi-
dosis. Thirty-two age- and gender-matched normal indi-
viduals aged 22 to 85 years of age (55 ± 17 years) were
investigated as control group.
After informed consent was obtained and each sub-
jects was requested to refrain from smoking and drinking
coffee for at least 12 hours before the test, which was per-
formed early in the morning or afternoon. The uremic
patients were examined in a dialysis-free day.
After 10 minutes’ rest, all subjects underwent a sur-
face electrocardiogram from a thoracic lead taken while
supine and R-R intervals were recorded for 10 min-
utes. They were then moved to a standing position (0 →
65◦) by a tilting table, and again, after at least 4 min-
utes of stabilization, the heart rate was measured for an-
other 10-minute period. Dedicated software (Sedico-HS
srl, Padua, Italy) recognized the individual electrocardio-
graphic R wave and the corresponding R-R intervals. By
PSA, the series of 500 sequential R-R intervals was de-
composed into a sum of sinusoidal functions of differ-
ent amplitudes and frequencies by the Fourier transform
algorithm. The result was displayed (power spectrum)
with the magnitude of variability as a function of fre-
quency. Thus, the power spectrum reflected the ampli-
tude of the heart rate fluctuations present at different
oscillation frequencies, providing a low-frequency band
in the range 0.03 to 0.15 Hz, and a high-frequency band
in the range 0.15 to 0.33 Hz (Fig. 1). Low-frequency and
high-frequency components are regarded, but not invari-
ably, as specific markers of sympathetic and parasym-
pathetic activities, respectively, and the low-frequency/
high-frequency ratio as reflecting sympathovagal balance
[5, 6, 19].
Statistical analysis
The PSA values are expressed as mean ± SEM. In some
analysis, uremics and controls were divided in two sub-
groups on the basis of age: younger than 65 years (N =
20 and N = 19, respectively) or older than 65 years (N =
10 and N = 13, respectively). Student t test was used to
determine differences between subgroups. The relation-
ship between variables was determined by linear regres-
sion analysis. Linear regression models, assessing the rela-
tionship between each PSA parameter and age in normal
controls and in uremic patients, were compared in regard
to correlation coefficient (r), slope of regression line and
intercept (analysis of covariance). A level of significance
of P < 0.05 was considered.
RESULTS
In control subjects, total variance of heart rate, and low-
frequency band value and low-frequency/high-frequency
ratio on standing resulted significantly reduced in the
group older than 65 years when compared with those
younger than 65 years (Table 1). An opposite finding was
seen in high-frequency band value on standing.
In uremic patients, total variance was significantly
lower in the group younger than 65 years versus age-
matched controls. Low-frequency band on lying resulted
significantly lower only in elderly uremics when com-
pared with elderly controls, whereas low-frequency band
on standing was significantly lower in elderly than in
younger uremics (Table 1).
Regression analysis showed a significant inverse rela-
tionship between aging and most low-frequency band val-
ues, especially in uremics, as expression of a predominant
sympathetic damage with increasing age (Table 2). No sig-
nificant relationship was found between dialytic age and
PSA of heart rate components in uremic patients.
The comparison of linear regression models (age ver-
sus each PSA parameter) obtained in normal controls
and uremics showed significant differences in three cases.
Slope of regression line was significantly different for
low-frequency band value in both lying and standing
positions (P < 0.03 and P < 0.04, respectively) (Fig. 2).
Low-frequency values in uremics were reduced with
increasing age, in particular after 50 years. There
were no significant differences for high-frequency band
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Table 1. Total variance and spectral components normalized by total variance in uremics and controls
Younger than 65 years Older than 65 years
Controls Uremics Controls Uremics Significance
Total variance msec2 1826 ± 279 478 ± 102 817 ± 282 736 ± 306 P < 0.000005a
P < 0.02b
Lying
Low-frequency nu 58 ± 6 51 ± 7 52 ± 7 30 ± 8 P < 0.05c
High-frequency nu 21 ± 4 25 ± 5 31 ± 4 29 ± 7 NS
Low-frequency/high-frequency ratio 3.6 ± 4 7.1 ± 2 2.6 ± 0.7 2.3 ± 1.1 NS
Standing
Low-frequency nu 75 ± 4 62 ± 7 45 ± 7 32 ± 9 P < 0.0004b
P < 0.02d
High-frequency nu 16 ± 3 13 ± 3 27 ± 4 23 ± 5 P < 0.02b
Low-frequency/high-frequency ratio 7.3 ± 1.5 12.3 ± 3.8 2.9 ± 1.1 1.8 ± 0.7 P < 0.03b
aControls younger than 65 years vs. uremics younger than 65 years; bcontrols younger than 65 years vs. controls older than 65 years; ccontrols older than 65 years vs.
uremics older than 65 years; duremics younger than 65 years vs. uremics older than 65 years. Values are expressed as the mean ± SEM. NS is not significant.
Table 2. Regression analysis of power spectral analysis (PSA)
parameters vs. aging
r Significance
Lying
Low-frequency controls 0.094 NS
Low-frequency uremics −0.415 P < 0.03
High-frequency controls 0.105 NS
High-frequency uremics 0.122 NS
Low-frequency/high-frequency controls 0.062 NS
Low-frequency/high-frequency uremics −0.248 NS
Standing
Low-frequency controls −0.371 P < 0.04
Low-frequency uremics −0.618 P < 0.0003
High-frequency controls 0.269 NS
High-frequency uremics 0.321 NS
Low-frequency/high-frequency controls −0.206 NS
Low-frequency/high-frequency uremics −0.547 P < 0.002
NS is not significant.
value (Fig. 3). Comparison of regression lines for low-
frequency/high-frequency ratio on standing showed a sig-
nificantly different slope between controls and uremics
(P < 0.05) (Fig. 4).
DISCUSSION
Although traditional cardiovascular autonomic tests
still remain the cornerstone in the clinical approach to
individual patients with suspected autonomic dysfunc-
tion, they have been criticized as being dependent on
patient’s cooperation and of little use in the investiga-
tion of the sympathetic pathway. Several studies have
provided evidence that specific heart rate PSA com-
ponents, revealed in a frequency domain, may better
allow to explore in detail cardiovascular regulatory mech-
anisms. Conversely, although PSA of heart rate variabil-
ity is an accurate method for investigating the autonomic
function in a given population, its clinical usefulness is
still limited and great caution is needed in the evaluation
of single individuals [7, 8].
In healthy conditions, PSA studies showed with aging
a reduction of low-frequency power as expression of a
lower sympathetic activity, which has been explained as
protective feature making individuals of advanced age
less vulnerable to coronary artery accidents and sudden
death, and also an increase of high-frequency power that
could provide protection against arrhythmias and acute
cardiac events [11, 12].
Only few studies investigated the relationship between
aging and uremia showing, not invariably, in elderly ure-
mics a more extensive parasympathetic and sympathetic
dysfunction. Vita et al [17] found a higher parasympa-
thetic and sympathetic damage using age-adjusted confi-
dence limits of cardiovascular autonomic tests. However,
Jassal, Douglas, and Stout [18] demonstrated that older
dialysis patients have the highest prevalence of cardio-
vascular autonomic impairment but that no potentiation
occurs when both advanced age and CRF coexist.
The present study has examined for the first time the
relationship between aging and uremia using PSA of
heart rate. The results obtained in normal individuals
confirmed previous reports, showing a reduction of low-
frequency band value and low-frequency/high-frequency
ratio and an increase of high-frequency band value with
increasing age. In older uremics, a predominant sympa-
thetic damage was evidenced by reduced low-frequency
band values on lying as well on standing positions. This
finding was supported also by the existence of an in-
verse relationship between age and low-frequency values
as well as low-frequency/high-frequency ratio, consid-
ered a good indicator of sympathovagal balance. All to-
gether our results agree with previous conclusion coming
out from PSA evaluation that the conviction of a major
parasympathetic damage in CRF patients had to be modi-
fied in favor of a more widespread autonomic dysfunction
involving both sympathetic and parasympathetic path-
ways [14]. Actually, just using conventional cardiovas-
cular autonomic tests, we had already observed both
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Fig. 2. Comparison of linear regression models [age vs. low-frequency (LF) band value] obtained in controls ( and thick line) and in uremics (
and thin line) on lying (A) and on standing (B) positions. There was a significant difference in the slope of regression line on lying (P < 0.03) and
on standing (P < 0.04).
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Fig. 3. Comparison of linear regression models [age vs. high-frequency (HF) band value] obtained in controls ( and thick line) and in uremics
( and thin line) on lying (A) and on standing (B) positions. There was no significant difference.
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Fig. 4. Comparison of linear regression models [age vs. low-frequency/high-frequency (LF/HF) value] obtained in controls ( and thick line) and
in uremics ( and thin line) on lying (A) and on standing (B) positions. There was a significant difference in the slope of regression line only on
standing (P < 0.05).
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sympathetic and parasympathetic damage in aging ure-
mics [17]. Moreover, dialytic age seems not to influence
occurrence of autonomic dysfunction. High-frequency
power on standing showed a trend toward an increase
with aging in uremics, but not reaching a statistical signif-
icance. It could demonstrate an impairment of the phys-
iologic protection against arrhythmias and sudden death
[12], and express a hazard for life.
The comparison of linear regression models confirmed
that a sympathetic autonomic derangement is greatly
present in older uremics, in particular after 50 years of
age. A steeper slope of regression line indicates a higher
age-related deterioration of autonomic function in ure-
mia than that occurring in elderly healthy population as
consequence of an impaired cardiovascular homeostasis
[12].
CONCLUSION
Our data support assertion that combination of aging
and CRF increases the chance of autonomic derangement
being present.
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